Background: Nigeria has the largest paediatric HIV-infected population in the world. Missed opportunities for prevention of mother-to-child transmission of HIV (PMTCT) compromise efforts at eliminating new pediatric HIV infections. Methods: Six hundred children, aged < 15 years, presenting to the pediatric units of the University College Hospital (UCH), Ibadan Southwest Nigeria between June to December 2007 were studied. The demographics, HIV status and socioeconomic status of mothers and their children were studied. A 4-step hierarchy was used to assess the missed opportunities for PMTCT.
Introduction
In 2010 the World Health Organization (WHO), UNICEF and UNAIDS jointly estimated that about 34 million people were living with HIV globally, with two countries, South Africa and Nigeria, accounting for about 40% of global burden of disease [1] . In the same year an estimated 3.4 million children <15 years were living with HIV, >90% in sub-Saharan Africa and over 90% acquired the virus perinatally [1] . The WHO and the Office of the United States Global AIDS Coordinator are committed to eliminating new pediatric HIV infections by 2015 and keeping their mothers healthy [2] . Without any intervention, mother-to-child transmission (MTCT) of HIV ranges from 14% -32% in non-breastfeeding (mostly industrialized) populations to 25% -48% in breastfeeding (mostly resource limited) populations [3] [4] . Combinations of newer antiretroviral agents and targeted elective caesarean section have been found to reduce MTCT rates to less than 2% in non-breastfeeding populations and less than 5% in breastfeeding populations [5] - [12] .
Globally, Nigeria has the second largest burden of HIV with 3.3 million people infected in 2009, and the largest pediatric HIV-infected population in the world, with over 360,000 children aged <15 years living with HIV [13] . Of the 22 countries with the highest burden of HIV infection, a decline in MTCT rates was observed from 2009 to 2010 except in Nigeria where the rates remain unchanged at 33% and Mozambique where a slight increase was observed from 29% to 31%. During this period Nigeria had an estimated 75,000 new pediatric HIV infections, the highest in the world [1] .
To prevent perinatal HIV infection, a pregnant woman with HIV infection needs to be identified early in pregnancy and ARVs administered to mother and baby, including the breastfeeding period where applicable. Missed opportunities for prevention of mother-to-child transmission of HIV (PMTCT) occur when any of these activities do not take place and factors, which vary in different geographical and cultural settings, influence this [14] - [17] .
In recent years, the Nigerian government, and her development partners, have made immense investments in providing PMTCT services. In the face of the challenging burden of paediatric HIV, missed opportunities in PMTCT will further compromise any effort to meet the daunting task of eliminating new pediatric HIV infections in Nigeria. This study investigated steps in the PMTCT cascade where missed opportunities for PMTCT occurred among mothers of the children attending a pediatric unit in Ibadan, southwest Nigeria and the contributing factors. It also determined the magnitude and effect of missed opportunities for PMTCT on perinatal HIV and possible areas for intervention to improve PMTCT outcomes.
Methods
This is a secondary analysis of data collected from a previously published prospective cross-sectional study, conducted between June to December 2007, to evaluate the prevalence and clinical pattern of pediatric HIV infection at the University College Hospital Ibadan, Southwest Nigeria [18] . The database contained information on 600 consecutively enrolled children aged less than 15years presenting to the pediatric unit of the University College Hospital (UCH), Ibadan, Nigeria for the first time during the study period irrespective of the reason for presentation. The local standard of care during the study period was based on the 2006 WHO recommendations which preceded the 2010 guidelines [19] .
Collected data included the child's age, sex, date of birth, symptoms and signs, anthropometry, place of delivery, mode of delivery, breast feeding option practiced, history of sexual exposure, blood transfusion, result of rapid HIV test, confirmatory test result (HIV DNA PCR if <18 months, Western Blot if ≥18 months), ART used for PMTCT. Also included in the database was information on mother's age, educational status, occupation, place of antenatal care, if she was tested for HIV in pregnancy, her HIV status in pregnancy, ART used for PMTCT, result of provider initiated HIV counseling and testing (a subset of mothers who gave consent were screened in the course of the study).
A modified 4-step hierarchy for reducing the odds for perinatal HIV transmission recommended in 1999 by the Institute of Medicine [20] and as described by Peters et al. [14] was used to assess the contribution of the different steps in the PMTCT cascade to perinatal HIV:
Step 1: utilization of a health facility for antenatal care and delivery; Step 2: maternal HIV status known in pregnancy, i.e. pregnant woman is screened for HIV infection and the result communicated to her; Step 3: maternal ART for PMTCT and neonatal ART; and Step 4: practice of exclusive breastfeeding or exclusive replacement feeding, i.e. avoidance of mixed feeding as this increases the risk of MTCT of HIV. Complete PMTCT occurred if mother-baby pair accessed all 4 steps in the cascade and missed opportunity for PMTCT occurred if one or more of the 4 steps in the cascade did not occur.
The primary end point was the rate of MTCT of HIV among mothers who accessed complete PMTCT services compared to those who had missed opportunities for PMTCT services. We also analyzed rates of access to interventions at the various steps in the PMTCT cascade and the factors associated with missed opportunities in the cascade.
Continuous variables are reported as means with standard deviations or medians, while categorical variables are reported as proportions. Univariate analysis was used to evaluate factors associated with missed opportunities for PMTCT and multivariate regression analysis was used to determine factors that are predictive of missed opportunities for PMTCT. Odds ratios and 95% confidence intervals are reported and p-value < 0.05 were considered statistically significant. Data was analyzed using SPSS 11.0 for Windows Chicago USA [21] and STATA version 10, StataCorp LP TX, USA. The University of Ibadan/University College Hospital Ibadan Ethics Committee and the Northwestern University Institutional Review Board approved the study.
Results
Of 600 children enrolled from 599 mothers (one set of twins), 329 (54.9%) were males, 271 (45.1%) were females and their ages ranged from one day to 179 months with a median age of 16 months. The HIV prevalence among the children was 10% (60/600), and 56 (93.3%) of the HIV-infected children acquired the infection via mother-to-child transmission. Sexual and blood transfusion related modes of transmission accounted for 2 (3.33%) each. These non-perinatally infected children and their mothers were excluded from further analysis for this study. The prevalence and clinical pattern of HIV infection in this cohort has been published elsewhere [18] .
The mean age of the 595 mothers was 31.06 (±6.5) years, 213 (35.8%) had been tested for HIV in pregnancy and knew their HIV status. Of these, 19 (3.2%) were HIV-infected and provided proof in the form of a HIV test result or evidence of antiretroviral usage and 194 (32.6%) reported they were HIV-uninfected. In 382 (64.2%) women, their HIV status was unknown, either because they were not tested in pregnancy, did not receive their test result or were not available due to demise or had travelled during the study period. A subset of 351 women had provider-initiated-HIV testing and counseling (PITC) testing; all those who reported being HIV-uninfected in pregnancy and 157 with unknown HIV status. Of these, 59 were confirmed HIV-infected and 292 HIV-uninfected (Figure 1) . In all 78 (13.1%) women were confirmed HIV-infected, 292 (49.1%) were confirmed HIVuninfected and in 225 (37.8%) women, their HIV status remained unknown as they were deceased, declined testing or were not present at the study site during study period (Figure 1) . Among children of the women who reported being HIV-infected in pregnancy 8 were HIV-infected. In women who said they were not HIV-infected in pregnancy, 13 of their children were HIV-infected and those with unknown HIV status in pregnancy had 39 children infected with HIV ( Table 1) .
Among the 78 women with HIV infection, 7(9.0%) women accessed all interventions in the PMTCT cascade and 71(91.0%) had missed opportunities for PMTCT. Of the 56 infants with perinatal HIV infection, 3 were born to women who had complete PMTCT interventions and 53(94.6%) were born to mothers who did not access one or more steps in the PMTCT cascade and thus had missed opportunities for PMTCT. A summary of access to PMTCT interventions and infants HIV status is presented in Table 2 . Missed opportunities occurred at all the four steps in the PMTCT cascade. In Step 1, 42.9% (340/595) of the mothers did not have formal antenatal care; in Step 2, 64.2% of the mothers did not have knowledge of their HIV status in pregnancy. In addition, 52.6% of both mothers who had a knowledge of their positive HIV status and their babies did not receive antiretroviral medications for their own health or PMTCT in Step 3 and 73.7% of the babies had mixed breastfeeding in Step 4 (Figure 2) .
Most women who did not have knowledge of their HIV status accessed ANC at private hospitals and belonged to the lower socioeconomic classes ( Table 3 and Figure 3) , the sample size was however not large enough to do a regression analysis. All mother-baby pairs who accessed complete PMTCT interventions received care at a tertiary hospital.
Discussion
In this study, 91% of eligible mothers had missed opportunities for PMTCT and the majority transmitted HIV infection to their children. Missed opportunities occurred at every step in the PMTCT cascade in a large proportion of the women studied, and most were of low socioeconomic status. Complete access to PMTCT intervene- tions was observed only among women who received antenatal care in tertiary hospitals. Achieving the goal of eliminating new perinatal HIV infections by 2015 will require every pregnant woman to access all interventions in the PMTCT cascade. However, this is not always possible and missed opportunities have been observed in both developed countries with well established health systems and ready access to these interventions, as well as in developing countries. In the US where implementation of PMTCT methods has almost achieved elimination of new pediatric HIV infections, Peters et al. analyzed data on 4755 infants born to HIV-infected mothers from 6 US sites between 1994-2000 as part of the CDC's Pediatric Spectrum of HIV Disease Project and found that 56% of mothers of HIV-infected infants compared to 16% of HIV uninfected infants had missed opportunities for PMTCT [14] . Similarly in 2011, the European Collaborative Study reported a MTCT rate of 7.4% among HIV positive women who received insufficient ART for PMTCT compared to 1.1% among those who had ≥14 days of antenatal ART [17] . In resource poor countries where health systems are less well developed and women have limited access to interventions for PMTCT, the effect of missed opportunities can be profound as demonstrated in this study, and similar to the report by Turchi et al. from Brazil [15] .
The entry point for PMTCT is accessing antenatal care (ANC) at health facilities where the HIV status of the woman can be determined during pregnancy. A significant proportion of women in this study did not have supervised care in pregnancy at hospitals or clinics, the place where HIV testing is often done in Nigeria. This is a recognized problem in Nigeria where in 2008 only an estimated 58% of pregnant women accessed ANC services provided by skilled health personnel and 35% had health facility delivery [22] . Less than 25% of pregnant women had access to Voluntary Counseling and Testing (VCT) for HIV in the same year [22] . Recent analysis of data from the Nigeria Demographic and Health Survey 2008 showed that low socioeconomic status is the most important factor for low utilization of antenatal and other maternal care services [23] . This is not unconnected with the relative high cost of health service for most of Nigeria's poor populace and the mostly out of pocket services that operates in most health facilities in Nigeria. Therefore, devising low-cost innovative ways to reach this group of women is a major task that must be accomplished in any intervention to reduce missed opportunities for PMTCT.
As observed by Stringer et al. [24] in the PEARL study and Oladokun et al. [25] in Nigeria, mother-baby pairs in developing countries may not navigate the PMTCT cascade successfully even when they have access to antenatal care. This was again demonstrated in this study among the women who accessed antenatal care in hospitals or clinics where HIV screening should have been available. Some women were not screened for HIV infection during pregnancy or did not collect their HIV test results thus their HIV status was not determined in pregnancy. Most of these women accessed care in private hospitals and were from the lower socioeconomic classes. HIV testing is not readily available in most private hospitals in Nigeria and where available, the cost is prohibitive for most women, and usually out of pocket expenses. For some women who reported they were HIVuninfected, repeat testing revealed they were HIV-infected. This is not uncommon as some women acquire infection later in pregnancy or after delivery underscoring the need for a repeat testing late in pregnancy as has been advocated.
Administration of antiretroviral medication is the most important intervention in the PMTCT cascade and can reduce perinatal transmission by more than 60% [5] [6] . In HIV infected pregnant women who were identified late in pregnancy or in labor, administering antiretroviral medications to reduce perinatal HIV transmission remains efficacious [26] . Nigeria accounts for about 32% of the gap in reaching the WHO global target of 80% coverage of antiretroviral medications for PMTCT [27] and most PMTCT programs are in tertiary or secondary health facilities, financially and geographically out of reach of most women in need of this therapy. In the limited number of women who knew they were HIV-infected during pregnancy in this study, most did not access antiretroviral medications for themselves or their infants for the prevention of vertical transmission. The majority of those who received antiretroviral medications received antenatal care in tertiary hospitals where PMTCT programs are well established. In Brazil, Turchi et al. [15] had identified not being cared for by a specialist and place of delivery as factors associated with missed opportunities for PMTCT. This suggests a need to decentralize PMTCT services in developing countries to increase access to antiretroviral medications for PMTCT.
Mixed feeding, the addition of supplemental feeds to breastfeeding increases the risk for HIV transmission via breast milk. The World Health Organization (WHO) previously recommended the avoidance of mixed feeding among HIV infected women in breastfeeding populations [28] , which was fraught with cultural challenges in most developing countries; thus high rates of mixed feeding persisted as seen in this study. The WHO [19] , in recognition of this challenge, has revised this recommendation; this was introduced in Nigeria in 2010, but effect of this is yet to be seen.
This study has some limitations being a secondary analysis of information collected in an observational cross-sectional study. Most of the information regarding access to interventions for PMTCT was based on the women's recall or the report of a care-giver which might be inaccurate and difficult to validate, as already observed by Stringer et al. [24] . The sample size of this study does not allow for detection of significant differences or full exploration of factors contributing to missed opportunities for PMTCT. However, our findings highlight the fact that missed opportunities for PMTCT remain a significant problem in Nigeria and this promotes perinatal HIV transmission. Further prospective studies are needed to confirm these findings and explore the contributing factors.
Conclusion
The vast majority of newborn infants in our study with perinatal acquisition of HIV were born to mothers who had the opportunity for PMTCT. Nigeria needs to expand PMTCT access, especially to women who receive antenatal care outside the teaching hospitals and design interventions that will reach women of low socioeconomic status.
